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Side-polished fiber provides 
functionality and transparency 



P.D. S3JLL& 



new designs for variable ^ ^ M?Ca|||on and M|chac| SWmazu 
attenuators, modulators, 
amplifiers, tunable 
filters, and switches. 



Optical networks require advanced optical com- 
ponents that can act on an optical signal without 
degrading it. The more transparent (fewer elec- 
tronic components) these networks are, the 
more functions must be built into the optical 
layer, meaning that more passive optical components 
will have to act on the optical signal before it is regener- _ 
ated. In such systems, the optical throughput of these | 
components is an important design consideration. 

One recently commercialized class of passive compo- 
nents is based on side-polished optical fibers with engi- g 
neered overlays made from a variety of optical materi- | 
als. The electronically controlled broadband variable ^ 
attenuator shown in Fig. 1, for example, has no moving g 

parts. Other such devices include modulators, ampli- g 

*?h^ architecture in * FIGURE 1. Fiberoptic variable attenuator based w ^ s j^^* s ^ ^HfrpSc 6 

wh2Ta sS^mS fiber is flexed to a precise curva- canbededm^^ 
ture and its cladding polished away so that the evanes- tion are near-zero, 
cent field can be accessed through a "window" onto the 




core (see Fig. 2). The optical signal can then couple from the 
fiber to an overlay material placed onto the window and back 
again. Use of different materials for this overlay gives rise to 
different optical functions in devices that feature near-zero 
insertion losses and backreflection. Referred to as side-pol- 
ished fiber devices, they join other classes of passive compo- 
nents to fill out the tool kit of a fiberoptic-system designer. 

Relative merits 

Conceptually, perhaps the most straightforward way of build- 
ing a fiberoptic device is to miniaturize an optical table, and 
this is how many components are made. Such free-space 
micro-optic devices include wavelength-division multiplexers 
(WDMs) based on interference filters, polarization-insensitive 
isolators, circulators, and mechanical switches. This technique 
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is versatile and highly functional; in principle, anything that 
can be built on a table can also be built with fiber pigtails. 
However, components made in this way may suffer from 
losses associated with optical alignment and multiple sur- 
faces, along with etalon-induced wavelength-dependent rip- 
ple. High-performance commercial components with accept- 
able insertion losses are the result of careful engineering. 

Integrated optical devices use single-mode waveguides fab- 
ricated with techniques similar to those used in semiconduc- 
tor production. Components such as Mach-Zehnder modula- 
tors and array-waveguide grating multiplexers make good 
use of the ability of waveguides to control the optical path 
and manage the phase of the optical signal. Other devices 
using integrated optics include phase modulators and poly- 
mer thermo-optic switches. 

In principle, integrated optics can be monolithically cascad- 
ed, minimizing device-to-device losses and enabling great 
economies of production. These devices still require align- 
ment to the optical fiber, however, and this is a source of 
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insertion loss. In addition, integrated 
optics frequently must be temperature- 
stabilized and often are inherently 
polarization-sensitive. 

A third class of passive component is 
made directly out of optical fiber that 
can be fusion spliced. Examples include 
silica45ased fiber amplifiers, dispersion- 
compensation modules, fused couplers, 
and several new devices based on Bragg 
gratings. Making such components out 
of fiber eliminates the management of 
optical alignments, but only a limited 
range of materials can be fabricated into 
suitable fiber. 

Side-polished fiber devices meld the 
low-loss performance of fiber devices 
with the material versatility of micro- 
optic-based approaches. These benefits 
were realized in couplers, polarizers, 
and evanescent field amplifiers. 1 

In the early 1990s, Walter Johnstone 
and his group at the University of 
Strathdyde (Glasgow, Scotland) investi- 
gated side-polished fiber devices in 
which the overlay was fabricated to slab 





SkJe-polished fiber with overlay waveguide 



FIGURE 2. Side-polished fiber devices are made 
by flexing an optical fiber to a precise curvature, 
then removing the dadding to gain a window into 
to core. A range of materials then may be over- 
laid onto the window to give the effect of a variety 
of devices, all with near-zero insertion toss and 
backreflectioa 
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FIGURE 3. Coupling from the side-polished fiber 
into the overlay is wavelengtrHfepertdent and 
such devices exhibit a periocfic channekiroppir^i 
effect (top). Modulation of the overlay index by 
thee!ecttoK)pticeffed^ 
resonance \n the wavelength domain. The 
amplitude of a laser tuned near the resonance 
thus can be modulated (bottom). 




waveguide dimensions. In this struc- 
ture, only certain wavelengths that are 
phase-matched will couple from the 
fiber into the overlay, giving a periodic 
channel-dropping effect (see Fig. 3a). 

Any change in the refractive index of 
the overlay waveguide shifts this spec- 
trum with respect to the wavelength. 
Consequently, if an input laser is tuned 
near the coupled wavelength, its ampli- 
tude can be modulated by a change in the 
overlay index (see Fig. 3b). The Strath- 
dyde group subsequently used such a 
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trains at 3 GHz in an erbium fiber te^er. 2 



Material options 

The side-polished 
fiber architecture 
is amenable to a 
variety of materi- 
als, as different 
modulator projects 
have shown. The 
initial Strathdyde 
demonstration 
was performed 
with lithium nio- 
bate that had been 
fabricated into a 

slab waveguide and put into contact 
with the side-polished fiber. The group 
also has used spin-on polymers and 
other materials. 

Subsequently, another group from 
Opuvision Inc. (Palo Alto, CA) and the 
University of California (Davis, CA) 
used an electro-optic polymer based on 
DR-1 dye to fabricate a modulator in 
this architecture. The polymer was 
formed into a slab waveguide and 
poled. Then a decal lift-off technique 
positioned the waveguide onto the side- 
polished fiber block. Extinction ratios of 
40% with a 15-V drive were demonstrat- 
ed at 100 MHz. 3 

Most recently, at Molecular OptoElec- 
tronics Corp. (MOEC; Watervliet, NY) 
we fabricated a slab waveguide from 4- 
N,N-dimethylamino-4'-N'-methylstil- 
bazolium tosylate (DAST), an organic 
salt crystal with a high electro-optic 
coefficient (rll = 53 pm/V at 1313 nmS 
and broad bandwidth (140 GHz over 1 
cm at 1313 nm). The resulting side-pol- 
ished fiber modulator exhibited a flat 
frequency response out to the limit of 
the test equipment (1 8 GHz). 4 

This versatility gives side-polished 
fiber modulators the potential to be par- 
ticularly useful devices at high 
microwave frequencies. Their intrinsi- 
cally short interaction region minimizes 
the potential for walk-off between the 
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microwave and optical signals and can 
be used to significant advantage with 
the right electro-optic medium. Unlike 
other modulators, the side-polished 
fiber device does not require channel 
waveguide fabrication and so opens the 
door to candidate materials for which 
Mach-Zehnder devices would not be 
feasible. 

Device options 

Related in concept to an amplitude 
modulator is a fiberoptic variable atten- 
uator, in which the amplitude modula- 
tion occurs over a much longer time. 
Unlike modulators, however, commer- 
cial attenuators must perform over a 
broad optical band to be useful in WDM 
systems — which, in turn, require a dif- 
ferent overlay architecture. 

Rather than fabricating a waveguide 
in the overlay — creating the channel- 
dropping response shown in Fig. 3 — an 
attenuator is built with a bulk material 
as the overlay to eliminate guided-wav€ 
effects. This material is index-matched tc 
the cladding, which gives the device 
nominally zero insertion loss. By raising 
the refractive index of the material, how 
ever, attenuation of the optical signal ii 
the fiber can be controlled as the optica 
energy is coupled into the overlay. In th 
MOEC attenuator, electronic tempera 
ture control in conjunction with a apt 
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cially formulated material that under- 
goes a large change of refractive index in 
response to temperature changes pro- 
duces the desired attenuation. 

Optical amplifiers also can be con- 
structed using the side-polished fiber 
architecture. Although evanescent field 
amplifiers were investigated early on, 
they exhibit rather low gains. A more- 
recent approach has been to construct 
the overlay such that the optical signal 
couples intojt and then back into the 
fiber, in essence a single oscillation 
between a pair of coupled waveguides 
(see Fig. 4). 

This structure allows the entire mode 
to propagate in, the gain medium, 
increasijntg the amplification that can be 
obtained compared to evanescent field 
devices. Of technological significance is 
the fact that many different kinds of 
gain materials can be used in this man- 
ner. MOEC has built experimental 
amplifiers using Nd:YAG crystals, for 
example, that cannot be made into an 



optical fiber. Other crystalline materials 
can be used in side-polished fiber 
amplifiers, along with highly doped 




FIGURE 4. Optfcai energy wffl normally oscillate 
between coupled waveguides. In side-polished^ 
fiber devices, a specialty engineered overfay 
structure will exhibit similar behavior, enabling 
the device to couple a signal from a fiber into 
the overlay and back again, depending on the 
effective interaction length. 

glasses that may prove too brittle for 
drawing into practical optical fiber. 
A side-polished fiber device with an 



electro-optic overlay, as discussed 
above, acts as a modulator for a single- 
wavelength source, but can be imple- 
mented as a tunable filter for multiple- 
wavelength inputs— a bandstop filter 
that ejects a particular channel from the 
input fiber. 

This channel can be picked up by 
another side-polished fiber coupler that 
is placed on top of the overlay, back-to- 
back with the original input (see 
Fig. 5 top). The structure becomes a 
channel-drop filter that can operate 
either in a fixed format or can be tuned 
by changing the refractive index of the 
overlay (now interlay) material. 5 It can 
also act as a narrowband switch in sin- 
gle-wavelength systems in which the 
input wavelength is tuned to the chanr 
nel drop (see Fig. 5 bottom). 

Another version of a tunable filter is^a 
bandpass device, which allows a*single 
wavelength, among many, to continue to 
propagate along the input fiber. Such a 
device is fabricated by polishing away 




, Detectors, 



Simply 




the best 
Phase Masks. 




The Lasiris Purelight phase 
mask series uses a unique 
interferometric fabrication 
technique for unsurpassed 
accuracy and high repeata- 
bility. If you are bothered 
by^delobes,YouprobaUy 
have on E-beom fabricated 
mask. It is time you found 
out obout our Purelight 
phase masks. 
For information, contact us at: 



• Period accuracy up to 1A 

• Ultra-small period for bragg 
wavelength down to 675 nm 
No stitching error - 

No Sidelobes 
Large selection of stocks 
Unbeatable low price for an 
identical backup mask 

• Supplier for CRC end 

3W Bragg Grating Technologies 



1300 and 1550 nm 

ATM, East and Go Ethernet 

SONET, CATV 



i 



•ir>i< 




829 Flynn I Road CamaW CA 93012 (805) 445-4500 FAX (805) 445-4502 
iSySelcomdevices.com Internet: httpV/www.telcomdevces.com 



'I 



3549 Ashby Street < ' 
SHourerit, Quebec • 
Conodo H4R 2K3 

1-800-814-9552 

Tel: (514) 335^005 
fax:<St4)33S-4576 

Internet: . 

htip://^Mtsinsxom 
e-mail: 

iasm$@montceainelco 




S22 



For FREE Data Circle 156 



For FREE Data Circle 157 





RGURE 5. in a back-to-back device (top), 
a channel drop response in an input fiber 
can be picked up by a second side-polished 
fiber coupler (bottom), enabling tunable fitters 
and switches. A 
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the cladding into 
the fiber core to a 
"cutoff" condition 
in which the core 
can no longer con- 
tain the signal. In 
this format, a 
waveguide over- 
laid, onto the win- 
dow has the effect 
of returning specif- 
ic phase-matched 
wavelengths back 
to the fiber. As 
before, an index-tunable overlay wave- 
guide enables the wavelength tuning of 
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the passband. The Strathclyde group suc- 
cessfully demonstrated tunable erbium 



fiber lasers using a filter of this design. 6 

The compatibility of side-polished 
fiber with practically any passive or 
active optical material gives designers a 
versatile tool to make high-performance 
fiberoptic devices for the increasingly 
transparent optical network. □ 
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